SUMMARY Tomogrephic images of cerebral blood flow (CBF) and oxygen extraction fraction (OEF) using the U O continuous inhalation technique, and positron emission tomography, were obtained from a patient with cerebral ischemia distal to an occluded left internal carotid artery. There was a focal mismatch between CBF and oxygen metabolism in the brain supplied by tbe middle cerebral artery where CBF was decreased and OEF increased ("misery-perfusion syndrome" as opposed to "luxury-perfusioa syndrome"). These abnormalities were most marked in tbe parieto-ocdpital watershed area. After left superficial temporal to middle cerebral artery anastomosis, the clinical attacks ceased and a repeat study did not demonstrate tbe prerious CBF and OEF abnormalities. This suggests that this pattern of abnormalities indicates potential liable tissue. The concept of "mlsery-perfuslon" may be of some importance In tbe patbophysiological mechanisms of hemodynamic cerebral ischemia and serve as a rational basis for rerascularization procedures.
RECURRENT SYMPTOMS of cerebral ischemia in the brain supplied by a previously demonstrated occluded internal carotid artery (ICA) is an unusual but not a rare problem. 1 Present evidence* suggests that symptoms may be due to recurrent embolization or to a fall in cerebral perfusion pressure without arterial embolism. When this problem is clinically suspected, it is believed to be an indication for an extracranialintracranial arterial bypass (EIAB). 1 This report is of a patient with hemodynamic postocclusion cerebral ischemia which was alleviated by EIAB and who was found to have inadequate perfusion relative to the oxygen requirements of cerebral tissue, i.e. "misery-perfusion syndrome." 4 
"
7 The underlying concept of this syndrome will be discussed.
Presentation of Patient
A 65-year-old right-handed hypertensive man with mild diabetes, treated with hydralazine and betablocking agents, in March, 1978, sustained 4 episodes of either right lower limb or right hand weakness (the latter associated with dysphasia) lasting seconds to minutes. A similar episode occurred after admission to a first hospital, following which an emergency cerebral angiogram was performed. Occlusion of the left internal carotid artery (ICA) was found above the bifurcation of the common carotid artery (CCA). At operation the sole finding was an organized thrombus, and no attempt was made to restore flow. Despite effective anticoagulation, symptoms of transient cerebral ischemia continued unexpectedly and their frequency increased to multiple daily attacks which were clearly related to the orthostatic position.
The patient complained of transient right arm weakness lasting a few seconds after standing up abruptly and he had 2 orthostatic syncopal episodes. His heart was unremarkable with a resting rate of 80. His arterial pressure was 170/100 lying down, 100/80 immediately after standing up and 120/80 after a few minutes and was associated with heart rate acceleration. The neurological examination showed a questionable motor deficit in the right hand and an unequivocal right Babinski sign. A T c brain scan was normal. The symptoms of transient ischemia in brain distal to an occluded ICA and triggered by postural hypotension, led to the diagnosis of "orthostatic cerebral ischemia." 8 
Medication Change
Anticoagulation was stopped, the dosage of hydralazine was decreased, dipyridamole and aspirin were prescribed and the patient was instructed to stand up with caution. He was discharged home but continued to have postural episodes of isolated, right arm weakness, although these were notably less frequent.
Additional Episodes
In December, 1978, and January, 1979, 2 severe episodes occurred while the patient had been standing for some time. These consisted of marked right lower limb weakness and moderate right arm weakness. An even more severe episode, not clearly postural, occurred on February 1, 1979, while he was sitting eating. He dropped his fork and became pale and mute. He recovered completely within a few minutes but 15 min-PET STUDY OF BYPASS TO REVERSE "MISERY-PERFUSION SYNDROME"/flaron et al.
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utes later had a second attack in which he sank to the floor, was pale and sweated profusely. He had clouding of consciousness, complete right hemiplegia, deviation of mouth and eyes to the left and inability to talk. He recovered within minutes but during the next few dsys his right arm and leg were mildly weak and he had, some difficulty finding words. Although it was estimated that a sufficient time had elapsed for maximum collateral flow to develop following the left ICA occlusion, hemodynamic cerebral ischemia with threatened stroke persisted.
Neurological Examination
The patient was readmitted in March, 1979 . The neurological examination showed increased tendon reflexes, a Babinski sign and slight leg circumduction, localized to his right side. There were no cervical or ocular bruits. The blood pressure was 175/105 lying, and 145/80 standing, but on 2 occasions standing BP was recorded at 90/65. His dosage of hydralazine was further reduced. Four-vessel angiography, by retrograde catheterization of the femoral artery, showed an occlusion of the left ICA one cm above its origin, with faint filling of the distal ICA siphon and of the middle cerebral artery (MCA) through the external carotidophthalmic system ( fig. 1 ). When the contrast medium was injected in the right CCA, a smooth, small athero- FIGURE 
Preoperative left common carotid artery (CCA) angiogram. There is occlusion of the left internal carotid artery (curved arrow) with faint filling of its intracranial part (arrow-head) through the ophthalmic artery. The superficial temporal artery (STA) is indicated by the straight arrow.
sclerotic plaque was visualized in the right ICA just above its origin; there was limited passage of the contrast medium to the contralateral hemisphere, the left anterior cerebral artery filled, but not the left MCA. The left vertebral artery was unremarkable and there was a moderate stenosis of the intracranial right vertebral artery. No filling of the left middle cerebral artery occurred from the vertebral-basilar circulation. The angiographic findings suggested that the left MCA blood flow depended solely on a retrograde flow through the left ophthalmic artery.
Surgery
On June 8, 1979 , the patient had surgery to anastomose the left superficial temporal artery to a parieto-temporal branch of the left MCA. Following surgery the attacks of right arm weakness associated with standing up disappeared. On June 19, the BP was 155/90 lying and 90/65 standing. On July 10, circumduction of the right leg had disappeared. A directional Doppler study suggested a patent STA-MCA anastomosis with diastolic flow. An angiogram on October 8, 1979 , showed a considerable enlargement of the left STA with a patent anastomosis and good filling of most of the left MCA branches ( fig. 2) . A CT scan, performed before and after I.V. contrast injection, revealed a moderate widening of the cortical sulci over the left hemisphere with some ipsilateral ventricular enlargement but without evidence of cerebral infarction ( fig. 3) . When last seen, in 1981, the patient stated that no attack had occurred since surgery. The FIGURE only neurological abnormality still present was a right Babinski sign.
Postoperative left CCA angiogram. The left STA has considerably increased in size (broad arrow). The anastomosis is patent (arrow-head) and there is excellent filling of most of the middle cerebral artery branches (small arrows).

"O Continuous Inhalation Study
Our particular interest in the study of this patient were the tomographic images of cerebral blood flow (CBF) and oxygen extraction fraction (OEF) using the "O continuous inhalation technique 9 coupled with positron emission tomography (PET). 10 These studies were carried out on 2 occasions, the first 45 days before surgery, and the second 32 days after surgery.
The non-invasive "O continuous inhalation technique provides images that allow assessment of CBF and OEF. Each of these images was obtained in this patient but only semi-quantitative data were available. Count rates per unit volume were calculated for various regions of interest, and compared to the values obtained from contralateral homologous regions. The side-to-side percent difference was considered abnormal if it lay outside the confidence limits defined for similar regions in 14 patients without known brain pathology (Baron et al., unpublished) . The values obtained indicate real differences in CBF and OEF that, according to the mathematical model, would be of much larger magnitude.
Results
The results are shown on the table and figure 4. The preoperative l8 0 inhalation study revealed highly significant changes that indicated a large decrease in CBF in the brain supplied by the left MCA combined with an increased OEF; both abnormalities were predominant in the parieto-occipital watershed area. The postoperative study showed entirely normal images, especially in those areas previously involved, and both CBF and OEF now appeared symmetrical. Preand postoperative arterial Pcoj were 41.5 and 44 mm Hg, respectively.
Discussion
This patient had symptoms due to reversible ischemia related to an occluded left ICA and mostly triggered by orthostatic hypotension. These attacks were alleviated by a left EIAB procedure. Preoperatively, a "O PET study showed decreased CBF in the brain supplied by the left MCA together with an PRE.OP
POST.OP
FIGURE 4. The tomographic brain images (taken at a level parallel to and 6 cm above the orbilo-meatal line) during O'O, (left) and "0, (middle) inhalation respectively, and the "Ot/O'O, ratio images (right). Preoperative and postoperative images are shown on the upper and lower rows respectively. Preoperatively, there is a marked decrease in 0*0, count-rate over the left cortical convexity (arrow frames), more marked over its posterior part, associated with an increased "Ot/O'O, ratio value (filled arrow). All post-operative images are normal.
PET STUDY OF BYPASS TO REVERSE "MISERY-PERFUSION SYNDROME"/flaron el al. Following the EIAB, a repeat inhalation study showed complete resolution of these abnormalities. A focal decrease in CBF observed distal to symptomatic ICA occlusion is not surprising; this has frequently been reported in patients presenting with repeated ischemic attacks and significant ICA disease. * Similarly, large ipsilateral reductions in CBF frequently occur in patients subjected to carotid artery clamping." Significant decreases in ipsilateral pial artery pressure (monitored in the MCA branches) have been reported both in primate studies of the effects of carotid ligation" as well as in patients undergoing EIAB for symptoms referable to inaccessible occlusive carotid artery disease." Experimental and clinical investigations have demonstrated a loss of CBF autoregulation and CO 2 reactivity distal to carotid artery ligation,""" a phenomenon also reported in some patients presenting with severe symptomatic carotid artery disease but without infarction.
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" 20 The hypothesis advanced widely is that in order to compensate for the decrease in perfusion pressure, there is near-maximal vasodilatation of the cerebral resistance vessels which may or may not be sufficient to maintain CBF in the normal range. This situation results in an impairment of autoregulation and an inability to withstand a further decrease in perfusion pressure."
The pattern of abnormalities observed preoperatively in our patient consisted of a focal OEF increase concomitant with CBF decrease. These findings are consistent with published evidence that an increased OEF is common in a number of low flow states in the brain. The ability of the brain to increase its fractional extraction of oxygen in the face of a primary CBF reduction has been consistently observed in both global ischemia (i.e., secondary to acute reduction in cerebral perfusion pressure, 81 " marked hypocapnia," or subarachnoid hemorrhage 84 ) and acute focal experimental ischemia (i.e., MCA occlusion which induces an immediate darkening of the pial veins in the affected cortical territory . In recent brain infarction of man studied with the " 0 inhalation technique, well-defined areas showing acute "misery-perfusion syndrome" are commonly observed.* 1 M In patients with transient ischemic attacks, Lenzi et al. 89 reported a decreased perfusion rate with an increased OEF. Concomitant increase in the arteriovenous oxygen difference (AVDOj) and decrease in CBF have been reported ipsilaterally to carotid artery clamping." In 3 patients selected for EIAB because of symptoms attributed to inaccessible lesions in the carotid-MCA system, Grubb ct al. 40 reported that "oxygen was being utilized at a higher rate than would be predicted from the level of rCBF", i.e., the OEF was focally increased, and that "postoperative studies showed a significant improvement in rCBF and rCMRO f ." Our findings are similar to those of this earlier study. When there is a decrease in CBF concomitant with an OEF increase, the implication is that perfusion is inadequate relative to the oxygen demand of the tissue. When focal, this state of uncoupling has been defined as the "misery-perfusion syndrome." 4 " 8 In such a situation, cell oxygenation -and, hence, function -could range from normal to inadequate, depending on the extent that OEF increase compensates for the CBF decrease. If the OEF is near its upper limits, any additional decrease in perfusion pressure is likely to further diminish cell oxygenation and to induce or worsen cell dysfunction. If transient, such an event may lead to transitory focal neurological episodes; if long-lasting a protracted clinical deficit may follow. Acute "misery-perfusion syndrome" in ischemic stroke sometimes correlates with a favorable outcome. 6 -M In migrainous infarction, the "misery-perfusion syndrome" was noted in a structurally intact area remote from the infarction itself, as judged by clinical and CT scan evidence. 41 In our patient, as well as in the 3 patients reported by Grubb et al., 40 the protracted focal "misery-perfusion syndrome" was reversed by an EIAB procedure, suggesting that this state may indicate tissue viability. The latter situation is reminiscent of the concept of "penumbra" 4 * where function is impaired but structure is (relatively) preserved. However, "penumbral" areas may not always display the "misery-perfusion syndrome." In 2 other patients "O PET studies suggested the presence of a matched decrease in CBF and oxygen utilization surrounding watershed necrosis which was corrected by EIAB. 8 Similar observations reported by Thomas et al. 44 and Grubb et al.
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In the patient reported here, the EIAB resulted in a dramatic improvement in the clinical state and disappearance of the "misery-perfusion syndrome." Because of its potential reversibility -and, hence, favorable prognosis -protracted "misery-perfusion syndrome" emerges as a pathophysiological entity of some importance. Were such a situation identified, the rational management would clearly be to restore CBF to adequate values before permanent damage had occurred; EIAB is one way of improving the cerebral perfusion pressure and, in turn, the CBF.
